Introduction
Recent advances in genomics [1] [2] [3] [4] have generated controversy over the relative roles of genetics and environment in explaining why some groups experience poorer health outcomes than others. In particular, concern has been raised that research highlighting genetic differences among racial/ethnic [5] groups and linking those differences to health outcomes may encourage health care providers to use race/ethnicity in ways that exacerbate health disparities [6] [7] [8] [9] . Similarly, the recent sequencing of the X chromosome has led to new insights and speculation regarding its role in gender differences in health outcomes [10, 11] and the extent to which providers should use gender as a heuristic in clinical care.
In this ongoing debate, some have argued that research on genetic variation among subgroups will lead to better understandings of health differences [12, 13] that in turn can be used to customize clinical practice in ways that improve health outcomes for all [14, 15] . Others have expressed concern that these investigations foster deterministic thinking and encourage 'profiling', in which the clinical significance of between-group genetic variation is overemphasized [16, 17] . Meanwhile, researchers have investigated physicians' implicit, or unconscious, use of Family Physicians' Beliefs about Genetics Community Genet 2008; 11:352-358 353 race and gender in clinical decision-making and its impact on clinical care quality and health outcomes [18] [19] [20] [21] [22] . However, there is little empirical data to inform the controversy over the explicit, or deliberate, use of race/ethnicity and gender as clinical heuristics and further, how genomic discoveries might influence use of these heuristics [9, [23] [24] [25] [26] .
The beliefs and practices of family physicians (FPs) will play a critical role in shaping how genomic discovery is applied in clinical care. FPs comprise the largest physician group in the US and provide the usual source of care for the majority of Americans [27] . Nearly 1 in 4 of all office visits in the US are made to general and family practitioners every year [28] . More so than any other physician group, FPs are well dispersed geographically throughout the US parallel to the general population [29] . Moreover, family practice is the specialty group that treats most common diseases in patients of all ages.
In anticipation that the controversies related to genetics and health differences will continue and evolve, we conducted a web-based survey of a sample of FPs to evaluate current beliefs and clinical practices related to genetics, race/ethnicity and gender. The specific objective of the survey was to gain insight into 2 questions: (1) to what extent do FPs believe race/ethnicity and gender differences in health outcomes are due to genetics and environment, and (2) are FPs' beliefs about the relative contributions of genetics and environment to health differences associated with the importance they place on race/ethnicity and gender in their clinical decision-making?
Methods

Sample
Subjects were recruited from the membership records of the American Academy of Family Physicians (AAFP), the national association of family doctors. The AAFP is one of the largest national medical organizations, with more than 94,000 members in 50 states, D.C., Puerto Rico, the Virgin Islands and Guam.
Study Design and Survey Administration
In January 2005, as part of implementation of the AAFP's Annual Clinical Focus on Genomics, a sample of 10,000 AAFP members were selected using random sampling techniques. A stratified sample was drawn such that half of the sample had completed residency less than 15 years ago. The sampled members were sent invitation e-mails from the AAFP that described the study's purpose, the risks and benefits of participating, and provided participants a URL to access the web-based survey. The 30-min survey was available online for 3 weeks. As an incentive to participate, FPs who completed the survey were entered in a lottery to win 1 of 6 iPods. Invitations were sent in 2 groups of 5,000 members each; the first group was sent on January 3, 2005 and the second group was sent on January 20, 2005. The entire group was sent 2 reminder e-mails within 2 weeks after the original invitations.
Survey Content
FPs were asked about their beliefs regarding the relative importance of genetics and environment for differences in health outcomes using 2 scenarios that depicted well-publicized health differences. One scenario depicted a circumstance of racial/ethnic difference, while the other depicted one of gender difference. The scenarios were presented as follows.
Scenario 1: 'Racial/ethnic differences in health outcomes are well documented in the U.S. For example, white women are more likely to be diagnosed with breast cancer than black women, but black women are more likely to die from breast cancer than white women. However, the causes for these differences are currently not well understood.' Scenario 2: 'Gender differences in health outcomes are also well documented. For example, for heart disease, there are marked differences between men and women in the age of incidence and the location and manifestation of plaques in the arteries. ' All FPs were presented with both scenarios. After each scenario, FPs were asked to rate on 7-point scales (1 = genetics; 4 = equally attributable; 7 = environment): 'To what extent do you think genetics and the environment contribute to these differences?' They also were asked to rate the importance of race/ethnicity and gender as well as several other factors in their clinical decision-making with the following question: 'Thinking about how you make clinical decisions (such as which drug to prescribe), to what extent do you think each of the following is important to consider?' Family history, age, gender, insurance status and race/ ethnicity were presented, each accompanied by 7-point scales (1 = not important at all; 7 = essential).
Other relevant characteristics assessed in the survey included characteristics of the practice setting, time spent in research and with patients and self-identified race (FPs were asked to choose from 1 or more of 6 options, namely the 5 racial categories used by the Office of Management and Budget and 'other'). We acquired the physicians' gender and years since residency through the AAFP membership database. Because clinical applications of genomics related to primary care practice are in nascent stages, we also assessed FPs' affinity towards incorporating new ideas into their clinical practice with 11 questions from an approach to work scale [29] . Factor analysis, using an oblique promax rotation method, revealed 2 latent factors underlying the responses. These 2 latent factors each had eigenvalues greater than 1 and a small negative correlation with one another (Spearman correlation: -0.19). The 2 factors were easily interpretable and were labeled 'innovative approach' (for example, 'I like to implement new ideas') and 'structured approach' (for example, 'I prefer to work in a traditional setting'). Scale scores, created by summing up the items that loaded onto each factor, had high internal reliability (Cronbach's ␣ : 0.88 and 0.80, respectively).
Analysis
We computed means and proportions to describe the distribution of survey items. Pearson correlation coefficients were generated to test the associations among these survey items. Using multivariate regression models, we tested the association of 9 dichot-omous physician characteristics and all 2-way interactions among them, with responses first to the 2 health differences questions (gene environment contributions to racial/ethnic and gender differences) and second to the importance of race/ethnicity and gender to clinical decision-making. The 9 physician characteristics were: male versus female; university, teaching and residency setting versus not; urban versus nonurban practice setting; zip code of practice with 1 10% poverty versus not; zip code of practice with 1 15% nonwhite residents versus not; 1 15 years since residency completion versus not; 1 50% of time spent seeing patients versus not; innovative versus not; prefer structure versus not. Throughout this report, p ! 0.05 was used as the criterion for statistical significance. The demographics of practice setting were based on FPs' reports of the zip code of practice. The zip codes were linked to the 2000 census data and coded for the percentage of nonwhite residents and the percentage of population below poverty level. We based the cut points for each at the median value within our sample. We created an indicator variable that for example took the value 1 if the physician's practice was in a zip code with more than 15% nonwhite residents and the value 0 otherwise.
Results
Participation
A total of 1,035 FPs completed the web-based survey, representing a response rate of 10%. Using AAFP membership data, we were able to compare those who did and did not respond on several demographic characteristics. The only difference of significance was that respondents who were involved in research were overrepresented in the sample compared to the AAFP membership as a whole (18 vs. 9%).
For this report, FPs who reported spending 10% or less of their time with patients were excluded to confine analyses to participants who were active care providers. The final sample includes 944 FPs. Characteristics of these respondents are shown in table 1 . The majority of FPs who completed the survey were male (67%), white (79%), practiced in urban areas (66%) and reported an innovative approach to work (61%). About half of the participants reported practicing in a clinic in which 1 15% of patients were from a minority group and where 1 10% of patients lived in poverty.
Perceived Contribution of Genetics and Environment to Racial/Ethnic and Gender Differences in Health Outcomes
Generally, FPs reported that racial/ethnic differences in health outcomes were equally due to genetics and environment. On the 7-point scale (1 = genetics; 4 = equally attributable; 7 = environment), FPs rated racial/ethnic differences in health outcomes as only slightly more due to environment than genetics [mean = 4.6 (SD = 1.2), where 4 is equally attributable]. By comparison, FPs rated gender differences in health outcomes as only slightly more due to genetics than environment [mean = 3.6 (SD = 1.3), where 4 is equally attributable]. Very few FPs attributed racial/ethnic or gender differences entirely to genetics ( ! 1 and 2.6%, respectively) or to environment (3.5 and ! 1%, respectively; table 2 ).
We used a paired t test to assess the equality of means for the 2 items. The null hypothesis of equal means was rejected (p ! 0.001), indicating that FPs were significantly more likely to attribute gender differences in health outcomes to genetics than racial/ethnic differences. In addition, there was a small but significant correlation (r = 0.20, p ! 0.0001) between FPs' beliefs about the contribution of genetics to racial/ethnic differences and gender differences in health outcomes. Those who rated genetics as a stronger contributor to racial/ethnic differences were inclined to do the same for gender differences ( table 3 ) .
In multivariate analyses of FP characteristics with racial/ethnic differences, we found that FPs who practiced in teaching settings and FPs who were more innovative in their practice approach rated genetics as contributing less to racial/ethnic differences in health outcomes than their peers (teaching vs. 
Perceived Importance of Race/Ethnicity and Gender in Clinical Decision-Making
FPs rated age as being most important in making their clinical decisions, with a mean rating of 5.9 on the 7-point scale (1 = 'not at all important'; 7 = 'essential'). Gender was given the next highest rating of importance, followed by race/ethnicity and family history (4.6, 4.4 and 4.4, respectively). Insurance status was given the lowest rating of importance, at 4.3. Less than one third of FPs viewed gender or race/ethnicity as essential to clinical decisionmaking (27% rated 6 or 7 on the 7-point scale). Similarly, only 24% viewed family history as essential ( table 4 ) .
FPs who rated race/ethnicity as more important in their clinical decision-making were more likely to do the same for gender (r = 0.53, p ! 0.0001). FPs who rated age as more important in clinical decision-making also were likely to rate gender and race/ethnicity as more important (r = 0.45 and 0.34, respectively, both p ! 0.001). Additionally, those who rated gender or race/ethnicity as more important were likely to rate family history as more important to their clinical decisions (r = 0.43 and 0.39, respectively, both p ! 0.001).
There were other statistically significant correlations among FPs' ratings of the importance of the various factors in clinical decision-making as well as among FPs' ratings on the extent genetics contributes to differences by race/ethnicity and gender ( table 3 ) .
In multivariate analyses of the importance of race/ethnicity on clinical decisions, we found that females, FPs who practiced in urban environments or in areas with 1 10% poverty, those who were 1 15 years out of residency or who self-reported to be more innovative in their practice approach, each placed more importance on race/ethnicity than their peers (female vs. male: model means, 
Association of Attributions of Health Differences to Genetics and Ratings of Importance of Race/Ethnicity and Gender in Clinical Decisions
FPs' beliefs about the relative contribution of genetics and environment to differences in health outcomes were not correlated with their ratings of the importance of race/ethnicity (r = -0.05) or gender (r = 0.01) in clinical decision-making ( table 3 ) .
Discussion
The FPs who completed our survey attributed racial/ ethnic differences slightly more to environment and gender differences slightly more to genetics. FPs' views about the etiology of racial/ethnic and gender differences in health were strongly and positively correlated. However, the proportion of FPs who strongly endorsed either genetics or environment as the sole cause of health differences was quite low, suggesting that the vast majority of FPs appreciate that common conditions are etiologically complex.
FPs who were practicing in teaching environments, those who reported being more innovative and those who were younger were less inclined to attribute health differences to genetics. These results may reflect these physicians' more recent and/or greater exposure to genetic curricula that increasingly acknowledges growing scientific evidence for the complex influences of environment and genetics on health outcomes.
While our data show that the FPs surveyed view race/ ethnicity and gender as providing clinically relevant information, relatively few of the physicians in our sample rated gender or race/ethnicity as essential to clinical decision-making. Moreover, our results suggest that FPs who regard race/ethnicity and gender as important in making their clinical decisions are not more likely than their peers to view race/ethnicity or gender as proxies for genetic differences. Our data reveal positive correlations between practice environment (that is, urban areas and areas with 1 10% poverty) and FPs' ratings of the importance of race/ ethnicity in clinical decisions. Further research is needed to better understand these relationships.
Not surprisingly, our results indicated that FPs consider multiple patient characteristics when making their clinical decisions. However, given the widely acknowledged importance of family history as a tool for ascertaining clinically relevant genetic, environmental and psychosocial factors [30] [31] [32] , it was surprising that FPs rated the importance of family history as no more important than race/ethnicity and gender in their clinical decision-making. It is possible that the time and effort required to collect and update family history offsets some of its value as a clinical tool, particularly if one considers the ever increasing number of things that FPs are expected to do as part of routine clinic visits [33] . Race/ethnicity and gender may be viewed as quick, albeit imprecise, indicators of medically relevant genetic, environmental and psychosocial factors. The evaluation of recent efforts by the Surgeon General and others to foster widespread adoption of more rigorous family history taking, as well as the development and evaluation of new, modified ver- sions of family history tools [34] , may help give information about what is needed to improve the perceived clinical utility of family history. Lastly, although not a primary focus of this study, our results raise questions about physicians' attitudes regarding insurance status that could be explored in future research. Insurance status was rated as least important of all the characteristics, though still more important than not, and these ratings were not correlated with ratings of the importance of other patient characteristics. Further research is needed to understand why and how physicians use insurance status in clinical decision-making, and how these practices might affect the quality of care for patients with no or poor insurance coverage.
Like any study, these results must be considered with some caveats. We developed our own single measures of perceptions about race/ethnicity and gender differences and the role of genes and environment. Questions assessed clinical decisions under the umbrella of nonspecific clinical decision-making. Race/ethnicity and gender may be more important for some clinical decisions [35, 36] than others. FPs' ratings of the importance of a given factor in their clinical decisions may not represent that factor's actual influence on decision-making, and would not capture physicians' implicit use of race/ethnicity and gender in their clinical decision-making. Previous research into the providers' contribution to health disparities suggests that patient race/ethnicity has an implicit, unconscious effect on FPs' clinical decision-making [18] . Questions regarding the importance of genetics and environment in health differences relied on the terms genetics and environment without defining either, leaving room for respondents to interpret them differently. Also, the scenario dealing with racial/ethnic health differences described disease diagnosis and outcome, while the scenario dealing with gender health differences described disease incidence and clinical characteristics. This asymmetry may limit the comparability of FPs' responses to the 2 scenarios. Lastly, we recognize the limitation of combining race and ethnicity as one descriptor. Each term has different meanings that vary in use and construed meaning, and we cannot characterize how FPs interpreted the combined terminology. Future research should be conducted to refine measures of these constructs and to understand how the explicit beliefs studied here relate to the implicit influence of patient characteristics on physician behavior.
We cannot say whether FPs' ratings of the importance of race/ethnicity and gender are appropriate or inappropriate, nor can we say whether those who reported placing substantial importance on these characteristics use them to their patients' benefit. Further research is needed to link these practices to meaningful clinical outcomes in order to gain understanding of their effects.
Our response rate of 10% was low. However, the 1,035 FPs who completed the survey were not notably different from the overall membership of the AAFP. Additionally, our sample was not sufficiently racially or ethnically diverse to use physician self-reported race/ethnicity as an analytic variable. This should be explored further; other studies querying FPs' beliefs about health differences have shown significant differences by FPs' self-identified race/ethnicity.
In conclusion, this study is among the first to provide empirical evidence of a large group of physicians' beliefs relevant to the current discussions about physicians' attitudes regarding race/ethnicity and gender in health outcomes and clinical decision-making. How these perceptions will evolve with the increasing availability of genetic susceptibility testing and pharmacogenomics, and how, if at all, these perceptions will shift and influence clinical decision-making is worth continued study if we are to better understand and shape integration of genomic medicine into primary care practice.
